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oscillatory shear. The optimisation of the method showed a 55 Goudakiise (dynamische rheologische Eigenchaften) 

linear visco-elastic area up to a deformation of 1%. Continu­
 Es wurde das dynamische rheologische Verhalten von 
ous oscillation tests were performed on samples taken at jungem, mittelaltem und altern Goudakase mithilfe von 
different positions in cheese of different age. The elastic, 
,small amplitude oscillatory shear" untersucht. Die Optimie­
viscous, and complex modulus of old Gouda cheese were rung des Verfahrens zeigte einen linearen viskoelastischen 
significantly higher than those of young and medium Gouda Bereich bis zu einer Verformung von 1%. Kontinuierliche 
cheese, indicating that old Gouda cheese is more consis­ Oszillationstests wurden an Proben durchgetuhrt, die an 
tent. The phase angle was not influenced by ageing: the unterschiedlichen Stellen des unterschiedlich alten Kases 
simultaneous changes of both water content and degree genommen worden waren. Der elastische, viskose und 
of proteolysis caused oto be constant during ripening. A komplexe Modulus von altern Goudakase lag signifikant 
positive gradient in elasticity related to position within the hoher als bei jungem und mittelaltem Gouda und zeigte, 
cheese was noticed for all Gouda cheeses. In this case, daB alter Gouda konsistenter ist. Der Phasenwinkel wurde 
the decreasing water content towards the crust had a more nicht durch das Altern beeinfluBt: die gleichzeitigen Veran­
pronounced effectthan any proteolytic differences. derungen von Wassergehalt und Proteolysegrad hielten o 
wahrend der Reifung konstant. Bei allen Goudakasen 
DEWEITINCK, K., DEROO, L, MESSENS, W., HUYGHE­ wurde ein positiver Elastizitatsgradient im Verhaltnis zur 
BAERT, A.: EinfluB von Alter und Position auf die dy­ Position innerhalb des Kases festgestellt. Der sinkende 
namischen rheologischen Eigenschaften von Gou­ Wassergehalt in Richtung Rinde hatte in diesem Fall einen 
dakase. Milchwissenschaft 54 (5) 258-262 (1999). deutlicheren EinfluB als aile Proteolyseunterschiede. 
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1. Introduction 2. Materials and methods 
Different methods described in the literature to modify 2. 1 Culture cultivation and preparation of cell free 
selected cultures of lactic acid bacteria or other cheese extract (CFE) · 
related microorganisms in such a way that they would not Commercial adjunct cultures used in our previous
produce lactic acid, would not compete with normal starter studies (7, 14) were divided into 3 groups according to 
growth and still deliver active intracellular peptidases and their peptidase and esterase activities ·and autolytic 
esterases in the cheese matrix. These methods include properties. Lactobacillus helveticus I and M were high
heat shocking, freeze shocking, and spray drying of the in both enzymatic activities and autolysis while Lb. ca­
bacterial cells, lysozyme treatment and solvent treatment seiA and Lb. helveticus L were high in enzymatic activi­(8, 11, 17). Lysozyme treatment is considered to be too ties and low in autolysis. Lb. helveticus U and Lb. casei 
expensive for industrial applications (12) while solvent T showed relatively high autolysis and low peptidase
treatment of cells may present concerns about the tox­ activity. Cultivation of microorganisms, preparation of 
icity of the residual solvents. For heat shocking, tem­ culture suspension ( -1 07 CFU/ml) and the CFE were peratures ranging from 56-75oc for 15-22 s were used. previously described (7). 
These treatments led to drastic reduction in acid produc­

tion ranging from 89-97% with a limited decrease (1 o­ 2.3 Heat shocking and freeze shocking 
37%) in proteinase and peptidase activity (1, 2, 9, 15, 16). 
The method described by THIBOUTOT et at. (16)However, none of the studies characterize the influence 
was used to accomplish the heat shocking treatment. of heat shocking on the autolytic properties of the cells 
Freeze shocking was carried out by freezing the cul­despite the importance of autolysis as a prerequisite 
tures at -20oc for 24 h (7). event to enzyme release during cheese ripening. 

The aim of the present work was to study the impact 

2.4 Intracellular enzyme assays .of the heat shocking treatment of commercially avail­

able adjunct cultures on their autolytic properties and intra­ Aminopeptidase and dipeptidylaminopeptidase activi­

cellular enzyme activities. In addition Cheddar cheese slur­ ties were measured by the method of El ABBOUD! eta/. 

ries with added heat shocked and freeze shocked cells · (4). The esterolytic activity was measured as described 

. were made to evaluate and compare the impact of these by BRANDL and ZIZER (3). One unit of enzymatic activ­

two methods on the levels of intracellular peptidase and ity was defined as the increases in 0.01 absorbance at 

esterase release as well as the rate of protein and fat 410 nm/min; the specific activity was defined as the 

degradation in the slurries. number of activity units per mg of protein of the CFE. 
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The protein content of the CFE was determined by the 
method of LOWRY et. a/. (13). 
2.5 	Measurement of the rate ofautolysis 
A portion of cell suspension ( -10%, v/v) was added 
to 0.01 M phosphate buffer pH 5.2 containing 0.5 M so­
dium chloride to obtain an optical density of 0.8 to 1.0 at 
650 nm and incubated at 30 oc. After set time intervals 
the percentage decrease in optical density was meas­
ured and expressed as% autolysis (16). 
2.6 	Preparation and analysis of cheese slurries 
Cheese slurries were prepared under controlled micro­
biological conditions following the procedure described 
by FARKYE eta/. (1 0). The methods used to determine 
compositions,.chemical ripening indices and enzymatic 
activities in cheese slurry were those described in our 
previous paper (14). 
3. Results and discussion 
3. 1 	 Effect of heat shocking on autolytic properties 
and intracellularenzyme activity · 
Fig. 1 shows the effect of the heat shocking treatment 
on the rate of autolysis of the different cultures. The 
autolysis rate of all the cultures is affected at different 
levels by the heat shocking treatment when compared 
to the untreated cells. In the case of strain I, the rate of 
autolysis after 48 h was 80% for the untreated cells 
while it was 60, 50 and 30% after the heat shocking 
treatment at 60, 65 and 70°C, respectively. Similar trends 
were also observed for the other strains. These results 
indicate that heat shocking has a negative effect on the 
rate of autolysis when compared to freeze shocking (6, 
8). Our results are comparable to the findings of EI­
KHOLYetal (5) for Lb. helveticus and Lb. casei strains. 
The decrease in activity at higher heat shocking treat­
ments may be attributed to a partial denaturation of the 
autolytic system of the cultures. 
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Fig. 1: 	 Effect of heat shocking temperature (60, 65 or 70°C/ 
15 s) on the rate of autolysis of adjunct cultures of Lb. 
helveticus strains I, M, U and Land Lb. casei strains 
. A and T after incubation for 48 hat 30°C. 
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The results in Fig. 2 illustrate the influence of heat 
shocking temperature on the % decrease in aminopep­
tidase, dipeptidyl-aminopeptidase and esterase activi­
ties of the different commercial adjuncts. As expected, 
the % decreases in specific activity increased with the 
increas.e in the heat shocking temperature. The values 
obtained for % decrease in aminopeptidase activity for 
Lb. helveticusl were 93, 62 and 30% after a heat shock­
ing treatment of70, 65 and 60°C, respectively. The corre­
sponding values for the dipeptidyl-aminopeptidase ac­
tivity of this culture were· 64, 40 and 0%, while they were 
85,77 and 24% for the esterolytic activity. Considerable 
variations in the resistance of the different enzymes 
from the different microorganisms could be noticed. 
Although the % decrease in aminopeptidase activity for 
strain U was 95%, it was 64 and 40% for Lb. helveticus I 
and Lb. ·helveticus L. The Jrnitrophenyl butyrate hy­
drolyzing activity of Lb. caseiT was not affected by the 
heat treatment at 60 oc while 17% of its aminopeptidase 
activity was inactivated at this temperature. Variations 
among strains in their resistance to. heat shocking 
treatment were reported by other authors (15, 16). 
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Fig. 2: 	 Effect of heat shocking temperature on % decrease 
of the levels of aminopeptidase (2a), dipeptidylpepti­
dase (2b) and esterase (2c) activity of adjunct cul­
tures of Lb. helveticus strains I, M, U and L and Lb. 
caseistrains A and T 
3.2 	Effectofadded heat shocked andfreeze shocked 
cultures to cheddar cheese slurries on the levels of 
enzymes andon proteolysis 
The results illustrated in Table 1 clearly indicate that 
freeze shocking of the commercial adjuncts lead to 
more enzyme release in the slurries when compared to 
heat shocking. In fact the number of enzyme units /g of 
cheese in the case of Lb helveticus I were 28 for the 
freeze shocked cells while it was 4-fold lower in the 
case of the heat shocked cells. Similar observations 
can also be noticed in the case of the dipeptidyl-amino­
peptidase and esterase activity. The same trend in the 
results is observed for Lb. caseiT. 
The results of the ripening indices of the cheese slurry 
illustrated in Table 2 confirm the foregoing findings de­
scribed in Table 1. As a matter of fact, higher levels of pro­
tein breakdown could be measured after 5 d of ripening 
in the slurries made with the freeze shocked Lb. helveti
cus I as compared to the heat shocked cells or the control. 
The concentration of cd-ninhydrin reactive amino groups 
in the slurries made with the freeze shocked Lb helveticus I 
was 4.9. The value obtained for the control was 0.9 while 
it was 3.1 for the slurries made with the heat shocked 
cells. As far as fat degradation is concerned the results in 
Table 2 reveal higher rates of lipolysis in the attenuated 
cells treated slurries as compared to the control, The 
increase in FFA was almost two-fold higher in the case 
of slurries with added freeze shocked Lb. he/veticus I. 
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Slurries made with heat shocked cells showed higher 4. References 
amounts of free fatty acids when compared to those (1) 	 ARDO,Y., PETTERSON, H.: J. Dairy Res. 55 239-­
made with heat shocked cells. In fact the free fatty acids 248(1988)
levels were 60 and 12% higher in the slurries made with (2) BARTELS, H., JOHNSON, M., OLSON, N.: Milch­
freeze shocked Lb. helveticus I and Lb. caseiT, respec­ wissenschaft 42 79--83 (1987) 
tively. These results confirm our findings related to the (3) BRANDL, E., ZIZER, T.: Osterr. Milchw. Wiss. Beilg. 
levels of esterase in the cheese slurries (Table 1) where 2815-24(1973) 
about 50% more esterase activity could be measured in (4) El ABBOUD!, M., EL SODA, M., PANDIAN, S., 
slurries made with freeze shocked cell when compared BARREAU, M., TREPANIER, G., SIMARD, R. E: Int. 
to those made with heat shocked cells. It is expected DairyJ. 255-64(1991) 
that cheese made with freeze shocked cells will de­ (5) EL KHOLY, W., EL SODA, M., EZZAT, N., EL 
velop stronger flavor. The higher level of protein and fat SHAFEI, H.: Lait781-14(1998) 
breakdown in the slurries made with freeze-shocked (6) EL SODA, M., FARKYE, N., VUILLEMARD, J.C., 
cells can be attributed to ruptures in the envelopes of SIMARD, R.E., OLSON, N.F., EL KHOLY, W., 
DAKO, E., MEDRANO, E., GABER, M., LIM, L: Inthe adjunct cells, which make them more susceptible to 
Food Ravor. generation, analysis and process influ­the autolytic process. On the other hand, if the autoly­
ences (Ed. G. Charalambous) Elsevier Sci. 2205­sins of the cells are inactivated by the heat shocking 
223(1995)treatment they will be more resistant to autolysis and, (7) 	 EL SODA, M., MADKOR, S.A., TONG, P .S.: Milch­therefore, will need a longer time to release their en- · 
wissenschaft 54 85-89 (1999)
zymes in the cheese matrix. (8) 	 EL SODA, M.: In Microbiology and Biochemistry of 
cheese and fermented milk (Ed. B. Law) Blackie 
Table 1: Peptidase and esterase activity in cheese 	 Acad. & Profess., 219--246 (1993) 

slurries with added heat shocked (65°C/15 s) 
 (9) 	 EXTERKATE, H., DE VEER, G., STADHOUDERS, 
or freeze shocked adjunct culture of lacto- J.: Neth. Milk DairyJ. 41307-320 (1987)bacilli (unit/g cheese) (10) FARKYE, N.Y., MADKOR, S. A., ATKINS, G.: Int. 
Treatment 	 Amino- Diamino- Esterase DairyJ.5715-725(1995) _
peptidase peptidase 
 (11) FOX, P.F., WALLACE, J.M., MORGAN, S., LYNCH, 
Heat shocking C.M., NILAND, E.J., TOBIN, J.: Ant.v. Leewenhoek 
Lb. helveticus I 6.00±0.42 5.00±0.13 0.10 ± 0.004 70271-297(1996) . 

Lb.caseiT 0.01 ±0.003 0.27±0.014 0.10 ±0.008 
 (12) LAW, B.: Dairy Ind. Int. 4815-20 (1980)

Freezeshocking 

. (13) LOWRY, 0., ROSEBROUGH, A., FARR, L, RAN­
Lb. he/veticus I 28.0 ± 1.46 7.00±0.36 0.20 ±0.013 DALL, R.: J. Bioi. Chern. 193 265-275 (1951)Lb. caseiT 0.25±0.025 0.40±0.18 0.20 ±0.016 (14) MADKOR, S.A., EL SODA, M., TONG, P.S.: Milch­Control 0.01 ±0.006 0.32±0.016 0.04±0.003 
wissenschaft 54 133-137 ( 1999) 
Results are means of duplicate determination on 2replicates, n= 4 (15) PETTERSON, H., SJOSTROM, G.: J. Dairy Res. 42 
313-326 ( 1975) 
(16) THIBOUTOT, H., DAKO, E., EL SODA, M., VUIL­
Table 2: Protein and fat hydrolysis in cheese slurries LEMARD, J.C., POWER, N., SIMARD, R.E:.Milch­inoculated with heat shocked (65°C/15 s) or wissenschaft 50 448-452 (1995)freeze shocked adjunct culture of lactobacilli (17) WILKINSON, M.G.: In Cheese: Chemistry, Physics 
Treatment Free amino Water- Free fatty and Microbiology, Vol. 1 (Ed. P.F. FOX).. 523-556,
acids (mM soluble N (as acids (mol Chapman & Hall (1993) leucine equiv o/o of total N) equiv/g) 
Heat shocking 5. SummaryLb. helveticus I 3.1 ±0.16 17.6 ±0.84 13.4±0.93 

Lb. caseiT 1.2 ± 0.08 17.2± 1.05 16.5 ± 1.07. 
 EL-SODA, M. MADKOR, S.A. TONG, P.S. Evaluation 
Freezeshocking of commercial adjuncts for use in cheese ripening: 3. 
Lb. helveticus I 4.9±0.26 21.2 ± 1.32 21.5 ± 1.22 Properties of heat-shocked adjuncts in buffer andLb. caseiT 1.6±0.10 15.5 ± 1.10 18.2±0.96 
cheese slurry systems. Milchwissenschaft 54 (5} 262­Control 0.1 ±0.024 3.3 ±0.20 8.8 ±0.66 265(1999).Control5d 0.9±0.057 11.3±0.26 11.6±1.14 

56 Cheese ripening (heat-shocked adjuncts) 
Results are means of duplicate determination on 2replicates, n=4 
Heat shocking of selected commercial adjunct cultures 
led to a decrease in the rate of cell autolysis and enzymatic 
This study reveals that attenuated selected commer­ activities. Changes of both parameters were related to the 
cial adjuncts cells lead to enhanced proteolysis and li­ temperature used in heat-shocking process. The higher 
polysis in cheese slurries. However, the extent of pro­ the temperature used the greater the decrease in autolysis 
teolysis depends on the methods used to attenuate the and activity. Cheese slurries made with freeze shocked 
cells. Freeze shocking seems to be more effective in cells revealed higher enzyme activity as well as more 
that respect. Cheesemaking trials are in progress to protein and fat breakdown when compared to cheese slur­
confirm these results. ries inoculated with heat shocked adjuncts. This was at­
tributed to the higher release of enzyme activity in case of 
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Puffer- und Kaseaufschwemmungssystemen. Milch­
wissenschaft 54 (4) 262-265 (1999). 
56 Kasereifung (hitzeschockbehandelte Zusatze) 
Hitzeschockbehandlung von ausgewcThlten handelsObli­
chen Zusatzkulturen fOhrte zu einer Abnahme des Zell­
autolysegrades und der enzymatischen Aktivitaten Die 
Veranderungen beider Parameter waren abhangig von 
beim Hitzeschockverfahren verwendeten Temperatur. Je 
hoher die Temperatur, desto mehr sanken Autolyse und 
Aktivitat. Kaseaufschwemmungen aus gefriergeschock­
ten Zellen zeigten eine h6here Enzymaktivitat und einen 
starkeren Protein- und Fettabbau verglichen mit solchen, 
die mit hitzeschockbehandelten Zusatzen inokuliert worden 
waren. Dies wird der hoheren Freisetzung von Enzymakti­
vitat bei gefriergeschockten Zusatzkulturen zugeschrieben. 
Production of ice cream containing probiotic bacteria 
By Merete HAGEN and Judith A. NARVHUS 
Department of Food Science, Agricultural University of Norway, P .0.8ox5036, 1432-Aas, Norway 
1. Introduction 
Frozen yoghurt has become popular and is continu­
ously reaching new markets. Its popularity is associ­
ated with the healthy image of yoghurt, delicate taste 
and its low fat content. Using the same technology it is 
possible to produce a probiotic ice cream. This ice 
cream contains cultures selected for dietary benefits. A 
pro biotic can be defined as "a mono- or mixed culture of 
live microorganisms which, applied to man or animal, 
beneficially affects the host by improving the properties 
of the indigenous microflora" (4). HUIS INT VELD and 
HAVENMR (4) also describe the fJOSsible dietary 
benefits of probiotic bacteria. 
The aim of this study was to produce a probiotic ice 
cream containing high levels of probiotic bacteria 
(> 106 cfu/g, which is the recommended minimum daily 
intake (5)), and to determine their survival immediately 
after freezing and during frozen storage. In an attempt 
to improve the survival of the cells during freezing, one 
of the batches was added 2% glycerol. 
2. Materials and methods 
2. 1 Probiotic strains 
Four different cultures were used. Lactobacillus reuteri 
:-(LR) obtained from 8ioGaia Biologics A8, Stockholm, 
Sweden. Lactobacillus acidophilus (LA-5) and Bifido­
15acterium bifidum (8B-12) obtained from Christian 
Hansen AS, Norway, Oslo, and Lactobacillus rhamno­
sus "GG" (ATCC 53103) obtained from Valia Ltd., Hel­
sinki, Rnland. · 
2. 1. 1 .Storage ofstrains 
Concentrated freeze-dried cultures were prepared in 
the following way. The cells were routinely propagated 
on 3-successive days, at the rate of 1% in MRS-broth 
(Oxoid) and incubated at 3JOC for 24 h. For the con­
centrate preparation, the cultures were grown in 300 ml 
MRS and the cell mass was harvested by centrifugation 
at ca 1400xg for 10 min (Sorvall RC-58 refrigerated Su­
perspeed centrifuge, Du Pont Instrument). After cen­
trifugation the cell pellets were resuspended in 30 ml 
UHT (Ultra High Treatment) semi skimmed milk, distrib­
uted into 10 tubes, and stored at -aoac until required. 
2.2 Procedure for ice cream manufacturing 
Batches of ice cream mix based on unsalted sweet 
cream butter and skimmed milk powder (Norwegian 
Dairies, Oslo) were prepared with 10% fat, 12% milk 
solids not fat, 12.5% sucrose, 0.8% stabilizer/emulgator 
(Cremodan SE 38 veg. Danisco Ingredients, Denmark), 
0.3% vanilla and 2% glycerol (added to one of the 
batches). The flow chart is shown in Rg. 1. Water and 
unsalted sweet cream butter were heated to 75°C. 
During this heating, skim milk powder and sucrose were 
added at 4G-50 ac and the combined stabilizer/ernul­
gator was added at 70°C. The mix was pasteurized at 
75°C for 2 min, homogenized at 175 kp/cm2 and then 
aged overnight at 4 °C. 
Holdi:Jr2min75°CI 
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I • ICoolto65°C 
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add stab./em. 
I I + 
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1140·5C1'C add skim rrilkl 
powder arrl su:rose + 
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to 10oc t I I 
WaterI I 
•Ageat4°C (24h)t I I 
Sweet, 

unsalted t:utter 
I I + 
Add fermented 
milk (10% I I 
I ~/Frooze (300 ml plastic beakers) 
Rg. 1: Production of ice cream 
Each strain was cultured for 12 h at 3rC in UHT 
semi-skimmed milk, fortified by the addition of 1% D­
glucose (puriss, Kebo lab AB, 50% w/v filter sterilised 
solution) and 1% tryptone (Oxoid, 25% w/v filter steril­
ised solution). This fermented milk was then added 
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